Introduction
T he world, more and more interconnected, provides the population access to digital services through several mechanisms, like Web, Digital TV and mobile devices. This way, independently where the user is, there is the possibility of accessing the digital technology. Alegre, v.12, n.1, jan./jun. 2009 . ISSN digital 1982 -1654 ISSN impresso 1516 A natural result of this convergence is the need of standardization for content development among these technologies, because making content with the same objective, but in a specifi c way for each platform, raises unnecessarily the cost of production and maintenance. Therefore, the objective of this paper is to present a new proposal seeking the interoperability among Web, Digital TV and mobile devices, in a way that minimize the effort of making interoperable content.
This paper defi nes interoperability as the capacity of reuse a language, standard or protocol, independent of the device, in a way that the same content can be used in different environments.
The contribution of this paper is threefold: a) optimization on producing and maintaining content, because it proposes unique formats; b) redundancy elimination; c) reduction of needed storage space.
An example of a natural application of this paper is in the education area, where the teacher, with the necessary technical support, generates the content of a single course only once, using the interoperable formats recommended by this paper, obtaining access to a vast quantity of users, because the course works in all the three platforms. The maintenance and update of the course is also performed only once, minimizing efforts.
In terms of standardization, the authors worked with the ISDB-Tb (International System for Digital Broadcasting -Terrestrial -brazilian fl avor) for Digital TV. In the area of mobile devices, the mobile phone platform was used, due to its large use compared to the remainder of mobile equipments. Considering the personal computers, no restriction was applied, because its processing power and fl exibility are much higher than the other devices. Nevertheless, the obtained results can be easily carried to other existing standards.
The remainder of this paper is organized as follows: section 2 presents related works. On section 3, the authors' recommendations for interoperability among the available media standards are described. Section 4 shows two interoperable applications developed to validate the system. Section 5 brings the fi nal remarks.
Related Work
The concern about making a common platform which allows information access through several equipments is not a recent objective. Among the W3C efforts, today the most respected organization in terms of Web standardization, there is the goal "Web Interoperability", which publishes open standards for compatibility on the Web access through all devices 2 . The initiative of W3C Mobile Web has as a goal to make the Web access, from any kind of equipment, so simple, easy and convenient as accessing through a desktop 3 . This way, mobile phones, smart phones, personal digital assistants, interactive TV sets, voice response systems, kiosks, and even some household appliances can access the Internet 4 . To achieve the objective of a single Web, the specifi cations for the Web formats and protocols need to be compatible among themselves and allow that all equipments and software used to access the Web work together 5 . This paper follows the protocol recommendations issued by W3C for Web and Mobiles, but it goes further, also analyzing the Digital TV environment and proposing interoperable media formats.
The focus of several research papers today is related to the interoperability between mobiles and digital TV. It's the case of Paulson's 6 paper, which makes an analysis of possibilities of band and types of existing standards to watch TV on mobiles. Cagenius 7 proposes an approach in which the user transfers the visualization from the Digital TV to the mobile phone, also being able to interact by the mobile device. Porto Alegre, v.12, n.1, jan./jun. 2009 . ISSN digital 1982 -1654 ISSN impresso 1516-084X
The paper of Liang 8 presents the standardization for future scenarios involving the standard DVB-S, integrating Digital TV, mobile devices and broadband connection internet. The paper approaches some network needs, like the use of QoS and the standardization of return channels via satellite.
The related papers above work with the possibility of the user being able to watch TV on the mobile device, and not on the content generation standardization, seeking for interoperability and resources optimization, as proposed in this paper.
No other paper in the same research line of this was found.
Recommendations for interoperable content
This section begins with some interface recommendations on each environment and presents the recommendations from the authors for the several levels of standardization needed for the interoperability among the three platforms.
User Interface
Interfaces for Web, Mobile devices and Digital TV have different usability recommendations, which refl ect on the interface construction. While on the Web and mobile phone, light background colors and dark font colors are suggested, on the Digital TV the opposite is recommended (dark background color and light font color). Relating to the font standard itself, each mobile browser has its own font defi nition where, for example, independently of the font specifi ed on the HTML, the Opera Mini browser 9 render the text to the same font. Alegre, v.12, n.1, jan./jun. 2009 . ISSN digital 1982 -1654 ISSN impresso 1516-084X Digital TV, the XHTML is also recommended for interoperability with the main Digital TV existing systems in the world 14 [9] . Besides, with Web Browsers in set-top boxes, the developed learning objects will be able to be accessed by them without further modifi cations.
• Cascading Style Sheets (CSS): The use of CSS3 15 style sheets is strongly recommended to solve the problem of interface customization on each environment, according to the item 3.1. This way, the application server returns a different style fi le depending on the device that is requesting the web page.
The Web Designer defi nes a styles fi le for each device only once and reuses it on every additional page. The identifi cation of the kind of device that is requesting the pages is solved using different URLs for each device or through specifi c request parameters.
• Script Languages: The XHTML and CSS represent static contents, limiting the possibility of user data validation, dynamic logic creation, math and procedures on the receiver's side. To overcome the markup languages limitations, script languages are used. The ECMAScript standard was generated through the harmonization of technologies, mainly the JavaScript (Netscape) and the Jscript (Microsoft 
Images
In relation to the images, for Digital TV the formats PNG, JPEG and H.264/MPEG-4 AVC "I-Picture" are mandatory in all receivers. The MNG format is mandatory in full-seg devices (set-top boxes and integrated televisions) and optional in one-seg ones (handhelds). The formats GIF, MPEG-2 "I-Frame" and MPEG-4 "I-VOP" are optional ABNT Based on this, for image interoperability the use of JPEG format is recommended, because it is standard on the three environments. The format PNG can also be used. Although not standardized on mobile devices, it's widely supported on existing devices in the market and it's standardized for TV and Web.
Video
The video compression standard defi ned for the ISDB-Tb system was the H.264/AVC 22 , being recently standardized also in ATSC 23 , due to its compression superiority.
On mobile devices, the 3GP format with H.263 compression is the most used and, therefore, recommended by this paper authors. 3GP is the fi le format defi ned by 3GPP 24 for use on 3G mobile phones (but also used on some 2G and 4G phones) 25 . The video standard MPEG-4 Visual (.MP4) is an optional video codec on several recent multimedia standards. However, it's widely supported on the most recent Nokia devices on the market, along with the H.263 26 . On the validation made on this paper, the videos were stored in H.264 and 3GP, since there is not a common video format for all the three platforms. So, to run the application on Digital TV and Web, it was used H.264, and to run on a mobile phone, it was used the 3GP format with H.263 compression. For the necessary conversions, the software SUPER (Simplifi ed Universal Player Encoder & Renderer) 27 was used.
Audio
In relation to the audio, the standard ISDB- Tb defi ne as mandatory the format MPEG-4 Audio AAC-LC, and as optional the formats MPEG-2 Audio AAC LC/BC, PCM (AIFF-C), MPEG-1 audio layer 3 (MP3) 28 . For mobile devices, several audio codecs are frequently used, like AMR-NB, AMR-WB, RealAudio Voice, RealAudio 7, RealAudio 8 and RealAudio 10, MP3, AAC (MPEG-4 Advanced Audio Coding), AAC+ and eAAC+.
Because it's standard on all the three environments, the authors recommend the use of the AAC audio format.
Implementations to Validate the Proposal
For the development of an interoperable content, based on each environment available technologies, two implementations were made.
On the fi rst one, a learning object called "Outras Infâncias" ("Other Childhoods") 29 was chosen. It was chosen because it's simple, so it's a good case study for the fi rst implementation, besides being pedagogically validated. Figure 1 illustrates the website currently published on the Web, on the module "Desafi os" ("Challenges"), page "Infâncias" ("Childhoods").
Following the recommendations mentioned on section 3, the format XHTML was used for text content, the CSS to adapt the exhibition and JPEG for the images.
The XHTML fi les remained the same on the three platforms. However, on the Digital TV there was the need of a NCL (Nested Context Language) 30 fi le to be created, because it is the base to mount the declarative applications on the brazilian system and it works as a connection language 31 , indicating which pages will be shown.
According to what was illustrated previously, each page of the learning object "Other Childhoods" has a great amount of text, exceeding what can be shown on each TV screen or on the mobile phone. Therefore, each page of "Other Childhoods" was segmented, and for Porto Alegre, v.12, n.1, jan./jun. 2009 . ISSN digital 1982 -1654 ISSN impresso 1516 each new page, a new image was associated, to keep the website pedagogic model. The object "menu", that uses Java Script, also needed to be reformulated to guarantee, besides the functionality on the three environments, the same standard of usability and interface. This reformulation used a button, in which the user shows or hides the menu, improving the screen usage, besides the browsing buttons to access pages of a same content group. The result generated new XHTML pages, according to Figure 2 , which depicts implementation photos for Web, Digital TV and mobile phones, respectively.
In relation to the validation environment on the client side of this paper's proposal, for the simulation on Digital TV it was used the Ginga Virtual Set-top Box (version 0.9.28) 32 . , version 3.0.5 was used, because it is free software and known for its implemented functionalities according to the W3C recommendations.
On the server's side, the pages were generated by a Web server, using the technology of Servlets and Java Server Pages (JSP). Each device accesses the LO by a different URL, making possible for the server to adapt the used style sheet.
For Digital TV, an intermediate application was developed to request the pages on a presentation format for the Digital TV, to store them in a local directory to further broadcast transmission.
With the success of the fi rst development, the authors proceeded to a more complex validation, involving the creation of an educational interoperable course named "Viva Saudável" ("Live Healthy"), whose objective is to increase the population awareness of the importance of a healthy alimentation and physical exercises. The motivation came out of several factors, among them, the growing index of obesity in Brazil. The target audience comprehends students between the 7th grade of primary education and 1st year of secondary education in Brazil. Porto Alegre, v.12, n.1, jan./jun. 2009 . ISSN digital 1982 -1654 ISSN impresso 1516-084X
The course is divided in four modules: 1. Introduction and Initial Motivation; 2. Alimentation; 3. Physical Activity; 4. Final remarks. Each module is made of several activities and learning objects (LO).
Concerning interoperability, the recommended and described standards on the beginning of the paper were used. For video, the H.264/AVC was used and, for mobiles, it was converted to H.263 encapsulated in 3GP. The audio was AAC-LC.
For text, XHTML and CSS were used. The images were converted to JPEG with two different resolutions, one for Web and Digital TV, and another for mobiles. Figure 3 shows photos of two Learning Objects in Digital TV, whose interface is very similar to the Web interface. On the fi rst image, one course agent named "Vivita" is supporting the learning, using text, audio and video. The second image is showing the student some test possibilities: IMC (Index of Physical Mass) calculation, EAT-26 (Test of Alimentation Behavior) and a questionnaire about the acquired knowledge. This course is still in development and it will be used as a base to measure both the motivation and learning on each platform.
Final Remarks
This paper presented a standardization proposal to obtain interoperability among Digital TV, Web and Mobiles. A study of mandatory standards on each platform was made and a recommendation was generated, seeking to unify at most the media formats.
It was identifi ed that the platforms with most limitations were Digital TV and Mobiles and a bigger emphasis was given to them. It was concluded that a computer on the Web can adapt itself to any standard without problems; the only need is the commitment of the content producers with interoperable formats.
To validate the performed recommendations, the group developed two interoperable applications. The fi rst one consisted only of text and menus.
Nevertheless, several lessons were assimilated, involving not only the technical issues, but also the matter of interface and usability for each platform. The second application was more complex, comprehending a complete course and demanding the use of all recommended elements, as images, text, audio and video. Both applications validated successfully the interoperable formats
